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PATENT 

Attorney Docket No. NWISP047 

MOUNTING POWER HANDLING COMPONENTS ON PRINTED 
CIRCUIT BOARDS NEAR HIGH DENSITY ROUTING CHANNELS 

BACKGROUND OF THE INVENTION 
[0001] The present invention relates to printed circuit boards and, more specifically, to 
techniques for mounting power handling components on printed circuit boards in regions 
corresponding to high density routing channels. 

[0002] Electronic assemblies constructed on printed circuit boards (PCBs) often employ 
point-of-use regulators in close proximity to the components to which they provide power 
for the purpose of reducing noise and power losses. For example, each processor on a 
computer system motherboard might have its own associated voltage regulator module 
(VRM). 

[0003] Recent generations of processor designs have integrated the memory controllers 
which facilitate communication between the processors and associated memory. As a result, 
high density interconnects are provided directly between the processors and the memory. 
Because of the extremely high operational speeds of these processor designs, the dimensions 
of the conductors in such high density interconnects must be carefully controlled to mitigate 
undesirable transmission line effects and signal skew. This difficult design constraint is 
made more challenging by the introduction of through-holes and vias for components 
mounted on the PCB in the region of the routing channels in which the interconnects are 
disposed. 

[0004] One solution is to eliminate components on the surface of PCBs corresponding to 
such routing channels. However, this wastes a considerable amount of otherwise usable 
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PCB surface area. In addition, such an approach undesirably restricts the options for placing 
point-of-use regulators close to the components with which high density interconnects are 
associated. 

[0005] Another approach is to provide an interposer structure between the surface of the 
PCB and the circuit to which power is to be provided to which the regulator may then be 
connected. The disadvantage of such an approach is that it may raise the height profile of 
the assembly beyond acceptable limits. 

[0006] It is therefore desirable to provide alternative techniques by which power 
handling components (such as point-of-use regulators) may be mounted on PCBs in the 
vicinity of high density routing channels. 

SUMMARY OF THE INVENTION 
[0007] According to the present invention, techniques are provided by which power 
handling components may be mounted on PCBs in the vicinity of high density routing 
channels. According to one embodiment, the invention provides an electronic assembly 
which includes a printed circuit board, and a processor and a memory mounted on the 
printed circuit board. A routing channel is provided in the printed circuit board comprising a 
plurality of conductors interconnecting the processor and the memory. A regulator assembly 
includes a regulator for providing power to the processor, a first connector mounted on the 
printed circuit board adjacent a first edge of the routing channel, and a second connector 
mounted on the printed circuit board adjacent a second edge of the routing channel opposite 
the first edge. The first and second connectors are coupled to the regulator and facilitate 
distribution of the power to the processor. The regulator and the first and second connectors 
form a bridge across the routing channel. 
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[0008] According to another embodiment, an electronic assembly is provided which 
includes a printed circuit board having a plurality of circuits mounted thereon. A routing 
channel is provided in the printed circuit board comprising a plurality of conductors for 
interconnecting the plurality of circuits. A regulator assembly includes a regulator for 
providing power to at least one of the circuits, a first connector mounted on the printed 
circuit board adjacent a first edge of the routing channel, and a second connector mounted on 
the printed circuit board jadjacent a second edge of the routing channel opposite the first 
edge. The first and second connectors are coupled to the regulator and facilitate distribution 
of the power to the at least one of the circuits. The regulator and the first and second 
connectors form a bridge across the routing channel. 

[0009] According to another embodiment, an printed circuit board assembly is provided 
which includes a printed circuit board. A routing channel is provided in the printed circuit 
board comprising a plurality of conductors for interconnecting a plurality of circuits 
mounted on the printed circuit board. A first connector is mounted on the printed circuit 
board adjacent a first edge of the routing channel. A second connector is mounted on the 
printed circuit board adjacent a second edge of the routing channel opposite the first edge. 
The first and second connectors are configured to be coupled to a regulator and facilitate 
distribution of power therefrom to at least one of the circuits. The first and second 
connectors also being configured to form a bridge across the routing channel with the 
regulator. 

[0010] A further understanding of the nature and advantages of the present invention 
may be realized by reference to the remaining portions of the specification and the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[001 1] Fig. 1 is an illustration of an exemplary electronic assembly designed according 
to a specific embodiment of the present invention. 

[0012] Figs. 2A-2C illustrate some alternative configurations of a bridging assembly 
designed according to a specific embodiment of the invention. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 
[0013] Reference will now be made in detail to specific embodiments of the invention 
including the best modes contemplated by the inventors for carrying out the invention. 
Examples of these specific embodiments are illustrated in the accompanying drawings. 
While the invention is described in conjunction with these specific embodiments, it will be 
understood that it is not intended to limit the invention to the described embodiments. On 
the contrary, it is intended to cover alternatives, modifications, and equivalents as may be 
included within the spirit and scope of the invention as defined by the appended claims. In 
the following description, numerous specific details are set forth in order to provide a 
thorough understanding of the present invention. The present invention may be practiced 
without some or all of these specific details. 

[0014] Fig. 1 is a simplified representation of a portion of a motherboard assembly 100 
to facilitate illustration of a specific embodiment of the invention. It should be noted that the 
present invention is not limited to the type of assembly described. The foundation of 
motherboard 100 is a printed circuit board (PCB) 102 upon which is mounted a processor 
104 and its associated memory modules 106-109. It will be understood that the system may 
include multiple processors, but that only one is shown for clarity. In this example, 
processor 104 includes a memory controller (not shown) to facilitate interaction with 
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memory modules 106-109. It will also be understood that memory modules 106-109 may 
comprise any of a wide variety of commercially available memories. 

[0015] A routing channel 110 is provided within the layers of PCB 102 in which a high 
speed interconnect (represented by phantom signal traces 112) between processor 104 and 
memory modules 106-109 is implemented. Because of the high speed with which signals 
are transmitted in this exemplary system, the dimensions of signal traces 1 12 are carefully 
controlled to mitigate transmission line effects and signal skew. For example, the lengths of 
selected ones of signal traces 1 12 are controlled to be substantially the same to ensure that 
corresponding signals arrive at their destinations at substantially the same time. According 
to a specific embodiment, because of the routing constraints associated with traces 112, the 
use of through-holes and vias in the region of routing channel 1 10 is minimized. 
[0016] According to a specific embodiment, a voltage regulator module (VRM) 1 14 is 
provided in close proximity to processor 104 to provide power corresponding to the core 
voltages of processor 104. According to one embodiment, VRM 1 14 is a switching 
regulator. According to alternative embodiments, other types of regulators may be 
employed to provide power to processor 104. In general, a wide variety of regulator designs 
may be employed with the various embodiments of the present invention. In some 
embodiments, the VRMs employed may conform schematically to existing VRM 
specifications from companies such as Intel and Advanced Micro Devices. However, as will 
be understood, the physical configuration of VRMs used with the present invention may 
vary from such conventional specifications as described below. 

[0017] Referring once again to the embodiment shown in Fig. 1, VRM 1 14 is mounted 
on PCB 102 via connectors 116 and 118 which are disposed on either side of routing channel 
110. Connectors 116 and 118 provide the electrical connections by which control and power 
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signals may be transmitted to and from corresponding signal traces (not shown) in PCB 102, 
and by which the distribution of power to processor 104 is facilitated. 

[0018] According to various alternative embodiments, more than two connectors may be 
provided to support power handling components according to the present invention. 
Additionally, in embodiments where the VRM board is not in contact with the surface of the 
printed circuit board, additional spacers or support structures may be provided in the space 
between the VRM and the PCB. 

[0019] According to various embodiments, the manner in which control and power 
signals are allocated between (or among) the connectors supporting the VRM may vary in 
accordance with the particular application. For example, output power delivered by VRM 
114 may be evenly distributed between connectors 116 and 118. Alternatively, power may 
be distributed by connectors 116 and 118 according to the requirements of the circuitry to 
which the power is being provided. Input power to VRM 114 may also be allocated between 
the connectors to suit the configuration of components of which the VRM is constructed. In 
general, a wide variety of different combinations of power and control signals may be 
allocated to the different connectors to suit the particular application, e.g., control signals 
may be provided via one connector and power signals via another, or various combinations 
of control and power in each. In addition, the number of pins for each connector will be 
determined, at least in part, with reference to the necessary current carrying capacity for the 
various power supply rails supported. 

[0020] According to various embodiments, connectors 116 and 118 may comprise 
conventional PCB edge connectors. According to one such embodiment, VRM 1 14 
comprises circuitry (represented by volumes 120 and 122) disposed on either or both sides of 
a PCB 124 which has signal traces (not shown) on each of its lower corners which 
correspond to and are configured to connect with conductors in connectors 116 and 118. It 
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will be understood that the layout of components within volumes 120 and 122 may vary 
considerably depending on the requirements of each particular application. In addition, it 
should be understood that any of a wide variety of connector types, e.g., pin connectors or 
card edge connectors, may be used to implement the various embodiments of the invention. 
[0021] According to some embodiments, and as shown in Fig. 1, connectors 116 and 118 
may support VRM 1 14 such that it does not come into contact with the surface of PCB 102. 
According to other embodiments, contact with the PCB surface may be allowed. 
[0022] According to a particular embodiment of the invention, and as shown in Fig. 1, 
VRM 1 14 is aligned in such a manner as to provide some advantages with respect to the 
thermal management of the system. That is, VRM 1 14 is aligned with the system enclosure 
air flow (represented by arrows 126) to ensure proper cooling. This is advantageous in that 
the VRM supporting a processor's core voltages is one of the higher dissipation devices in 
the system. In the configuration shown, positioning the VRM between the processor and 
memory also ensures that the VRM will not be receiving or become a source of preheated air 
relative to either the processor or memory. 

[0023] In addition, and according to an even more specific embodiment, a VRM 
mounted according to the present invention may be part of a thermal management 
infrastructure. For example, the VRM assembly may act as a baffle, segregating air flow 
regions, and inhibiting or otherwise mitigating the recirculation of preheated air. 
[0024] Figs. 2A-2C show some exemplary configurations for a bridging assembly 
designed according to various alternative embodiments of the present invention. In Fig. 2 A, 
connectors 202 and 204 are mounted on the surface of a PCB (not shown) and coupled to a 
bridging assembly card 206 which may be in contact with the PCB. Alternatively, as shown 
in Fig. 2B, connectors 212 and 214 may be configured such that bridging assembly card 216 
is separated from the PCB surface. In addition and as mentioned above, at least one 
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additional connector or spacer/support structure 228 may be provided in the routing channel 
between connectors 222 and 224 to either connect with and/or provide mechanical support 
for bridging assembly card 226. 

[0025] In embodiments where structure(s) 228 represents a mechanical support, there 
may be little or no disruption of the routing channel in the PCB (e.g., a mechanical support 
might require a hole in the PCB for mounting). In embodiments where structure 228 
represents an additional connector, some disruption of the routing channel may occur, but 
this would be considerably less than if a single unbroken connector for card 226 cut across 
the routing channel. In addition, any disruption introduced by such a connector can be 
mitigated by, for example, restricting PCB connections to the additional connector(s) to 
surface traces. 

[0026] While the invention has been particularly shown and described with reference to 
specific embodiments thereof, it will be understood by those skilled in the art that changes in 
the form and details of the disclosed embodiments may be made without departing from the 
spirit or scope of the invention. For example, embodiments of the invention have been 
described which relate to mounting power handling components across routing channels. 
However, it will be understood that the techniques of the present invention may be employed 
to mount any of a wide variety of components in the region of a routing channel without 
disturbing the routing channel with through-holes or vias. Examples of such components 
may include low speed components, other types of regulators, and even other assemblies, 
e.g., daughter cards. Moreover, the power delivered by a regulator configured according to 
the present invention may be distributed to any of a wide variety of devices, as well as more 
than one device simultaneously. 

[0027] In addition, although various advantages, aspects, and objects of the present 
invention have been discussed herein with reference to various embodiments, it will be 



understood that the scope of the invention should not be limited by reference to such 
advantages, aspects, and objects. Rather, the scope of the invention should be determined 
with reference to the appended claims. 



